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2INTRODUCTION
With the ever increasing discoveries in chemical
science, more and more are the demands for an absolute alcohol.
Since the ordinary process of preparing absolute alcohol by de-
hydration with metallic oxides is wasteful and since the product
must of necessity contain traces of water because of the phase
relationship existing between the components of the system dur-
ing the distillation of the alcohol from the hydrated oxide, it
is desirable to secure a new and more efficient method for the
commercial production of anhydrous alcohol. Such a method has
been suggested by Sydney Young, ("J. Chezn. Soc .
" ,
Trans., Vol.
81, p. 709), a copy of which has been inserted in this thesis.
The purpose of this investigation has been to secure
sufficient data for the construction of a continuous fractionat-
ing still to be used in the preparation of absolute alcohol from
an alcohol-water-benzene mixture such as Young has described in
the above mentioned article. It was desired to make use of the
principle of cooling by counter currents in order to secure a more
effective fractionation as well as to bring about economy in fuel.
In the course of the investigation, the principal
problem has turned out to be that of the fractional distillation
of two liquids, the boiling points of which lie very near to-
gether. Very little is to be foimd in the literature upon the
distillation of such mixtures, and it is to this diversion from
the main subject that most attention has been directed.

HISTORICAL
Practical methods of fractional distillation have
been knoTO to the world for centuries. The first forms of dis-
tillation apparatus were used in the times of the ancient Arabs,
and were called "alembics". The alchemists made imiprcvements
,
(36)*
especially in m.ethods of condensation. Argand, and later Adam
in 180C, utilized the heat of condensation of aqueous alcoholic
vapors to heat the liquid entering the still. The first rational
and complete appe.ratus for frcictional distillation, however, was
(26)
constructed by Cellier-Bliiiienthal (1815), who used dephlegmators
and simple rectifiers in alcoholic distillation. The first
column rectifying dephlegiiiator was built by Derosne and
(26)
1817. Later Pistorius introduced in Germany a distilling ap-
paratus fitted with two stills ingeniously connected in series
(26)
with rectifiers and dephlegmators. The apparatus of Pistorius^ '
was quite a step in advance of anything heretofore used, and be-
cause 01 its efficiency, was used in alcohol distillation until
recent years.
Early in the last century, efforts were made to con-
struct continuous distilling apparatus vvhich would by a sin^'le
operation bring about a better separation of the volatile con-
stituents. Probably the most widely known of continuous stills
(23)
is the Coffey apparatus invented by Aeneas Coffey in 1831. The
continuous distilling apparatus most widely used in recent years
(23)
is that of Savalle, Siemens Brothers, Illges, and Pampe. The
rectii3?lng columns of these four inventors are very efficient
Reference in Bibliography

4and produce 95.6^ alcohol from mash by a single distillation.
All continuous distilling plants make use of a con-
tinuous still and a continuous rectifying- column, both of which
are based on the sam;e principle, namely, that by the repeated dis-
tillation and condensation that occurs in an apparatus in v;hich a
liquid and a vapor are passing in opposite directions in intimate
contact, the liquid is successively deprived of portions of its
most volatile constituents which pass upward and out of the recti-
fier, and at the same time the vapor is successively deprived of
portions of its least volatile constituents, which being condensed
join the down flovi'ing liquid. In the case of alcohol distilla-
tion, the m.ash enters the top of the still and m.eets a current of
steam from below; the alcohol, fusel oil and some water pass out
at the top of the still as vapors a,nd enter the base of th2 recti-
fier, while the spent m^ash containing; all of the ncn-volatile in-
gredients and the major portion of the water pass out of the still
at the bottom. After the vapors enter the bottom of the rectifie:i;
they pass upward and are washed by passing through successive
layers of their ov:n condensate 7;hich continually flows downward.
From the rectifier the vapors pass through a dephlegmator and are
afterward condensed.

5FRACTIONAL DISTILLATION WITH REGULATED STILL-HEAD
Partial reflux condensation has been used industrially
for ages in fractional distilling apparatus in order to bring
about as wide a difference as possible between the distillate and
residue, thereby increasing the efficiency of the operation.
Numerous methods and forms of apparatus have been used v/ith this
idea in view, but the method giving the best results involves the
use of a regulated still-head.
The process of fractional distillation with a still-
(8)head at constant temperature was first studied by C. M. V/arren,
and later by F. D. Brown. They showed that fractional dis-
tillation was improved by means of a still-head Itept at constant
temperature. From his investigations Brown reached the conclu-
sion that, "In distillations with a still-head maintained at con-
stant temperature, the comj-'Osit ion of the distillate is constejit,
and is identical with that of the vapor evolved by a mixture whose
boiling point equals the temperature of the still-head".
Sydney Young and Thom^as, J. Chem. Soc . . Vol. 71, 440,
(1S97), used a combination of dephlegmatcr with a regulated tem-
perature still-head and obtained a much better separation than
\7ith the dephlegmatcr only.
Lord Rayleigh^"^®^ and H. R. Carveth^"^^^ each studied
the influence of constant temperature still-heads on composition
of distillates.
(32) (33) (si)
M. A. Rosanoff has also studied the regu-
lated still-head from a mathematical basis and has patented a

6fractionating apparatus involving these principles.
Rosanoif's patent consists of a series of still-heads
maintained at constant temperature intermediate "between the boil-
ing points of the components of the mixture to be distilled.

7THEORETICAL
Whenever any liquid passes into the gaseous state,
heat is absorbed unless the transformation takes place at the
critical point. The heat absorbed in the transformation of one
gram of a liquid into its vapor without rise in temperature is
its heat of vaporization, whioh in the case of water is 537 cal-
ories. Heat of vaporization may be regarded as the work done
thermodynamically in separating the particles of liquid from
each other. Since a given mass of a substance in the gaseous
state occupies a very much larger volume than the same mass of
the same substance in the liquid state, energy in the form of
heat is necessary to bring about this transformation.
According to the kinetic theory of gases, the par-
ticles of a gas - which are identical with chemical molecules -
are practically independent of each other and move with high ve-
locities in all directions in straight lines. Frequently these
particles encounter each other and also the Vv'alls of the contain-
ing vessel; but as both they and the walls of the container are
supposed to behave like perfectly elastic bodies, there is no
loss of energy of motion in such encounters and their directions
and relative velocities only are changed by the collision.
In the case of liquids, the molecules possess less
kinetic energy than in the gaseous state for the reason that
the gas in condensing gives up its heat of vaporization in pass-
ing into the liquid state. The molecules of the liquid, however,
still

8P0SS3SS a great vslocity of molecular movement and because of their
proximity to one another, must encounter numerous collisions and
exert a very great partial pressure. As a result of this active
m.ovem.ent there is a tendency for the molecules to separate from one
another as is m:anifested in the vapor pressure of the liquid. This
escaping tendency of the m^olecules is offset by molecular attrac-
tion Ti,'hich is evident in the phenomena of surface tension. Only
those molecules which are able to reach the free surface of the
liquid x?ith a very great velocity, will be able to free themselves
from the control of the molecular forces, and thus pass into the
vapor state.
When a homogeneous mixture of tv/o liquids, (A and B),
of different volatility is distilled, the miolecules of the more
volatile constituent, A, since they possess the greater energy
content, tend to pass into the vapor state sooner than do those
of B, Hov/ever, the surface tension of the less volatile constit-
uent, B, is weakened by the presence of the more volatile A, so
that the escaping tendency of B is increased and B volatilizes
more readily th£.n it otherwise would in absence of A.
At first almost pure A distils over, but as the dis-
tillation proceeds, the concentration of A in B becom.es less, the
surface tension increases, and the temiperature rises until at the
end of the distillation, practically pure B will distil at
boiling point of E.
When a non-volatile substance is dissolved in a
liquid, the vapor pressure of the latter is lowered at all tem-
peratures and the lowering is approximately proportional to the

9quantity of substance dissolved in a given amount of the liquid
(Wtilner ' s Law)
.
Vhen the dissolved substance is volatile, as well as
the solvent, the vapor pressure of the solvent is invariably-
lessened by the presence of the solute. The vapor pressure of
the solution is, however, the sum of the partial vapor pressures
of both the solvent and the solute. The vapor pressure of the
solution, however, may be less than, equal to, or greater than
either the pure solvent or solute, but is always less than the
sum of the vapor pressures of these constituents separately at
the same temperature. The solution boils v;hen the sum of the
partial vapor pressures is equal to atmospheric pressure, for ac-
cording to Daltcn's "Law of Partial Pressures", each gas in a
gaseous mixture, fills the entire space occupied by the gaseous
mixture and the total pressure of the mixture is the same as the
sum of the partial pressures of the component gases. The boil-
ing points of such solutions, consequently vary inversely as their
vapor pressures.
In the case of a mixture of partially mdscible liquids,
the boiling point is constant so long as two distinct layers re-
main. The boiling point of a partially miiscible mixture may be
lower th8.n, equal to, or greater than the boiling point of the
lower boiling constituent, but never higher than the boiling point
of the higher boiling constituent.
TJhen two liquids are mutually insoluble, the vapor
pressure resultant from; their mixture is the sum of their individ-
ual vapor pressures and is greater than either alone for any given
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temperature. Such a mixture must of necessity boil at a lower
temperature than that of the lower boiling constituent, since the
vapor pressures of the several constituents summate, and overcome
the pressure of the atmosphei^at a temperature lower than that at
which the lowest boiling constituent would overcome it.
Distillation is an operation consisting in the con-
version of a substance or miixture of substances into vapors which
are subsequently condensed to the liquid state; it has for its
purpose the separation or purification of substances by taking ad-
vantage of the differences in volatility.
Fractional distillation is the process applied to the
separation of a mixture of two or more substances of different
volatility into its com.ponents, e-ocomplished either by a series
of repeated distillations of a certain distillate or by a single
operation in which an efficient still-head brings about the separa^
tion sought.
The distillation of liquid mixtures naturally falls
into three general classes:
I. Liquids which are mutually soluble in each other in
all proportions;
II. Liquids which are miscible only within certain
limiits; and
III. Liquids each of which is insoluble in the other,
^en tv;o different liquids are brought into contaxjt
•.vith each other, they must be affected, (a) by mutual attraction
of like molecules and (b) by attraction of unlike molecules for
each other. If the attraction of unlike molecules is great,
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tlie liquids will be miscible in all propor-tions as are ethyl al-
cohol and water. If the attraction of unlike molecules is some-
what less, it ii:ay be expected that the liquids will be miscible
only within certain limits, as in the case of diethyl ether and
water. If the attraction of unlike molecules for each other is
relatively very slight, it may be concluded that the liquids will
be non-miscible or nearly so, for sxamxle v/ater and benzene.
As the mutual attraction of unlike molecules increases
relatively to that of like molecules, the following physical
chanj^es miay be expected:*
(a) Increasing- and finally infinite miscibility;
(b) Slight expansion, diminishing to zero, and followed
by increasing contraction;
(c) Diminishing absorp^tion of heat, changing to increasing
heat evolution.
These statements are not absolutely rigid, for in the
case of completely miscible liquids, there are notable exceptions
and it is not uncommon to find a small contraction in volume ac-
companied by a slight absorption of heat, as in the case of ethyl
alcohol and water. ¥lien, hov/ever, closely related chemical com-
pounds, such as chlorobenzene and brom.obenzene are mixed together,
there is neither a perceptible change in temperature nor in volume.
For closely related compounds undoubtedly the different molecular
attractions A for A, B for B, and A for E, are nearly identical
and Berthelot's derived relationship, namely, ^a.-'o = '^a'-^b*
holds good •vvhere A^.i-, represents the attraction of unlike molecules
and Ag, and A^^ represent the attraction respectively of like
"''"Young, Sydney - Thorpe's Dictionary of Applied Chemistry.

IS
molecules
.
CLASS I
The distillation of completely miscible mixtures is
the most common practically and the most complex theoretically of
the three general classes.
A study of the results obtained from the distillation
of completely miscible mixtures with the introduction of certain
theoretical considerations has led to the formation of four
especial cases distinguished by the relative solubilities of the
vapors in the liquid components.
Case 1. "The boiling point of all mixtures is
higher than that of the lower boiling constituent and lower than
that of the higher boiling one." In other words the boiling
points cf all possible mixtures lie betv/een the boiling points of
the pure constituents.
Suppose the vapor of A is readily soluble in liquid ,
and the vapor of B is sparingly soluble in liquid A, and suppose
the vapor pressures of A + B exceed that of B, then the vapor
pressures of mixtures of A and B will diminish continuously as one
passes from ICC^ A to ICOfo B. Pure A will distil first and v/ill
be follov/ed by mixtures, percentage composition of which continual-
ly grows richer in B; consequently, by repeating the distillation
of tho various fractions a sufficient nujnber of times, A and B can
be separated comipletely. According to Brown's Rule - "The vapor
tension of such a mixture may approximate to a linear function of
the composition, and the curve will then be practically a straight
line .
"
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Case 2. "The addition cf a small aiiount of either
substance lovvers the boiling point ci the other." In this case
the boiling point curve passes through a minimum and a constant
boiling mixture distils off until one of the constituents of the
mixture has been completely expelled.
Suppose the vapors be sparingly soluble in tho liquids,
then there v;ill exist a mixture having a £i,reater vapor pressure
than that of any other mixture. The vapor pressure-composition
curve will in this case be concave to the axis cf composition.
VJhen such a mixture is distilled, a mixture of consts-nt composi-
tion volatilizes first, leaving as a residue one or other of the
components according to the percenta^-e composition of the mixture.
An illustration of this type is a mixture of propyl alcohol and
water.
Case 3. "The addition of a small ajrjQount of either
substance raises the boiling point of the other." The boiling
point curve passes through a m.aximum and a constant boiling mix-
ture in this case remains as a residue.
Suppose the vapor of A is readily soluble in the
liquid B, and the vapor of 3 is readily soluble in the liquid A,
then a particular mixture of A and B will exist which will have a
lower vapor pressure than that of any other mixture. The vapor
pressure-comiposition curve will now be convex to the axis of comi-
position. fJhen such a mixture is distilled under constant pres-
sure, a mixture of the two components will pass over until the con-
stant boiling mixture of minim.umi vapor pressure is left as a
residue. A m.ixture of firmic acid and v;ater is t^.'pical cf this
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case
.
Case 4. "The addition of the higher boiling
substance lowers the boiling point of the lov/er boiling substance,
and the addition of the lower boiling,- substance raises the boil-
ing point of the higher boiling substance." This case is a com-
bination of cases (s) and (3) and has not been realized by
experiment
.
This thesis is concerned only with distillations be-
longing to Case 2 of Class I.
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The following article by Sydney Young, copied from the
"Journal of The Chemical Society", Trans., Vol. 81, p. 707, (1902)
gives the original data for the preparation of anhydrous ethyl al-
cohol by the method embodied in this thesis:
THE PREPARATION OF ABSOLUTE ALCOHOL FROM
STRONG SPIRIT
By Sydney Young, D.Sc, F.R.S.
"Owing to the fact that ethyl alcohol, like n-propyl, isopropyl
.
and tert . -butyl alcohols, although miscible with water in all pro-
portions, forms with it a mixture of constant boiling point which
distils without change of composition at a temperature lower than
either component, it is impossible by any process of fractional
distillation to separate the pure alcohol from a dilute solution.
All that can be done is to separa,te the mixture of constant boiling
point on the one hand, and water on the other, from the solution.
In the case of the other alcohols referred to, if we remove a por-
tion of the water from the mixture of constant boiling point by
some other method, then by fractional distillation of the stronger
alcohol with a very efficient still-head we can effect its separa-
tion into the pure alcohol and the mixture of constant boiling
point.
"Pure ethyl alcohol, however, boils less than 0-2^
higher than the mixture of miniiEum boiling point, and such a sepa-
ration is therefore impracticable.
"The method which has invariably been employed to pre-
pare absolute alcohol is to treat the strongest spirit obtainable
by distillation with a dehydrating agent, and the action of such
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agents has been studied by many investigators, notably by
Mendeleeff and by Squibb.
"In his classical paper on this subject, Mendeleeff
(Ann. Phys . Chem. , 1863, ii , 138 . 230) discusses the behaviour
of different dehydrating agents and concludes that freshly ignited
lime is the only substance capable of giving good results, and
that even when lime is employed special precautions must be taken.
"The results obtained by Mendeleeff with four differ-
ent specimens shew excellent agreement, the greatest difference
from the mean sp. gr. at 0°/4°, 0-806254, being only 0-000011, but
Mendeleeff himself states that when the alcohol was freshly dis-
tilled over lime he noticed an ethereal odour which, however, dis-
appeared on repeated distillation, although the sp. gr. remained
unchanged. The value 0*80625 has been almost universally adopted
as the correct sp. gr. at 0*-*/4°, but Squibb (J. Amer. Chem. Soc .
1893, 15_, 126) has obtained even lower values by slow percolation
through lime. In an earlier investigation, Squibb had found the
sp. gr. 0-79350 at 15-60/15-60, which corresponds to 0-80581 at
00/40, but in the paper referred to he states that after long con-
tact with lime and subsequent percolation many times through an
improved apparatus, alcohol was obtained with a somewhat higher
specific gravity.- The results were not perfectly concordant, the
mean of the best being given as 0-793552 at 15 -60/15 -6°, cor-
responding to -80587 at OO/40. Squibb states that in his opinion
absolute alcohol had not yet been obtained.
"Yfhen two liquids of different chemical type are dis-
tilled together, a definite mixture of minimum boiling point in
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many cases distils over first, the last portion of the distillate
consisting of that component which was originally present in ex-
cess. Ethyl alcohol n.ay be regarded as a derivative of v/ater and
as belonging to the water type H-O-C-Hg, or as a derivative of
ethane, or, more generally, of a paraffin, C^Hg-OH. In its prop-
erties, it exhibits analogies in some respects to water and in
others to the paraffins. Most dehydrating agents which react or
combine with water behave in a somewhat similar manner tov/ards the
alcohols, though to a less degree, and to a diminishing extent as
the molecular weight increases, and this accounts for the unsatis-
factory results obtained with them. Thus phosphoric oxide gives
phosphoric acid with water, and a mixture of ethyl hydrogen phos-
phates with ethyl alcohol; with barium oxide, water forms barium
hydroxide, whilst ethyl alcohol forms, according to Fore rand, a
comipound 3BaO,4C2H60; sodium acts in precisely the same way on the
alcohols as on water, but the intensity of the action diminishes
rapidly as the complexity of the alkyl group increases; calcium
chloride forms a crystalline hexahydrate with water, and a crystal-
line tetra-alcoholate with m.3thyl or ethyl alcohol; the behaviour
of anhydrous copper sulphate is striking; it dissolves rapidly in
water, and, on evaporation, crystals of CuS04,5H20 are deposited;
in methyl alcohol, it dissolves slowly, but to a considerable ex-
tent, giving a blue solution from which, according to Fore rand,
greenish-blue crystals of CuSO^jCH^O may be obtained; anhydrous
copper sulphate is, however, quits insoluble in ethyl alcohol, and
will extract some water from strong spirit, but it is not a suf-
ficiently pov,'erful dehydrating agent to remove the whole.
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"If v;e compars the homologous normal primary alcohols
together, we find that in other respects also, as the molecular
tv'eight rises, the alkyl group has increasing, and the hydroxyl
group diminishing, influence, and that the properties recede from
those of water and approach those of the corresponding paraffin.
The table of boiling points as belov/ shows this clearly.
"Thus methyl alcohol boils only 35-30 io;ver than v/ater,
but 228-70 higher than methane, whilst cetyl alcohol boils 244°
higher than water, but only 56-50 higher than the corresponding
paraffin. Again, vmilst methyl, ethyl, and propyl alcohols are
miscible in all proportions with water, butyl alcohol is only par-
tially m^iscible, and cetyl alcohol is practically non-miscible
with water.
"Lastly, while a mixture ox mxethyl alcohol and water
distils normally, both components being easily separated, ethyl
Number of Boiling points.
carbon
atoms. Paraffin, Alcohol V^ater.
1 -164° +228-70 •f64
.
7^
-35 •30 1C0<^
2 -S3 171-3 78-3 -21 •7
3 -45 142-4 97-4 -2 6
4 + 1 115-0 117-0 +17
5 36-3 101-7 138-0 38
6 69-0 88-0 157-0 57
7 98-4 77-6 176-0 76-
8 125-6 70-4 196-0 96-
16 287-5 56-5 344-0 244-
propyl alcohols form, with water, mixtures of minimum boiling
point, and the behavior of butyl alcohol and water approaches that
of two non-miscible liquids.
"We cannot well study the miscibility of the alcohols
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with ths corresponding- paraffins, because the first four are
gaseous at the ordinary temperature and most of them are diffi-
cult to prepare in a pure state. Normal hexane, however, can be
obtained without much difficulty, and we find that, although the
lowest alcohols are miscible v;ith this hydrocarbon in all propor-
tions, they form with it mixtures of minimum boiling point. Ben-
zene is much more easily obtained than hexane, and behaves in a
similar manner. The behaviour of mixtures of benzene with the
lower alcohols has been studied by Miss Fortey and myself, and is
fully considered in a separate paper; it 7;ill be sufficient here to
state that whilst methyl, ethyl, isopropyl
,
n-propyl, tert. butyl,
and isobutyl alcohols form mixtures of minimum boiling point with
benzene, isoamyl alcohol does not.
'^Thus ethyl alcohol forms mixtures of minimum boiling
point, both with vv-ater and with benzene (or hexane), whilst benzene
and water are practically non-miscible and distil over together at
a temperature lower than the boiling point of either pure liquid;
it seemed reasons-ble to expect that a particular mjixture of all
three liquids would boil constantly at a still lower temperature.
The original mixture would, in that case, tend to separate on dis-
tillation into three instead of two fractions:- (l) a definite mix-
ture of all three liquids boiling at a lower temperature than any
of the three components, or than any mixture of any tv;o of them; (2)
a mixture of two components boiling at a lo\ver temperature than any
single one; (3) that component which was originally in excess.
"When aqueous alcohol is distilled with a dehydrating
agent, the water is m^ore or less completely retained in the still.
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the dried alcohol passing over as the distillate; if, however, a
mixture of ethyl alcohol, benzene, and v/ater behave as suggested
above, it should be possible to reverse the process, the water be-
ing carried over in the first part of the distillate and pure al-
cohol coming over last. Such a method would be advantageous for
this reason, among others, that it is almost alvvays easier to sepa-
rate the least volatile component of a mixture in a pure state by
distillation than the more volatile components. These anticipa-
tions were fulfilled, and it was, in fact, found possible to elimi-
nate the water from strong spirit by distillation v/ith benzene.
"In all the experiments carried out in connection with
this investigation, I have had the advantage of the able co-opera-
tion of Miss E. C. Fortey, B.Sc.
"The following table gives the boiling points of ethyl
alcohol, benzene, and water, and of the mixtures of constant boil-
ing point that they can form, also the composition of these
mixtures
.
"The benzene -water values were calculated from, the
known vapour pressures of benzene and water, these tv;o liquids be-
ing practically non-miscible , and their correctness was confirmed
by actual experimients; the other values were determined experimental,
Liquid of constant Boiling
Doilmg point. iDoint
Percentage Composition
poin
Alcohol Water Benzene
1. Alcohol, water. and
benzene (V«.A.B) 64- 8^ 18-5 7.4 74-1
2
.
Alcohol and ben-
zene (A.B.) 68- 25 33;41 67-59
3. Wat. & Benz.' {Ti.B,) 69. 25 8'83 91-17
4. Alco. & Y;at. (; 78- 15 35-57 4-43
5. Alcohol 1 78. 3 ICO
S. Benzene i
li:!
6o. 2 100
7. Vi'ater ICC- ICO
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"It will be seen that the lowest boiling point is that
of the ternary mixture (W.A.E.), so that whatever mixture of the
three liquids is distilled - unless one constituent is present in
relatively very small quantity - this ternary mixture will come over
first. If there is more than sufficient benzene to carry over the
whole of the water, and if the alcohol is present in excess, the
ternary mdxture will be followed by the binary (A.B.) mixture, and
the last substance to come over will be alcohol. This is the cas^
for instance, if vve distil a miixture of equal weights of benzene andj
say, 93 per cent, (by weight) alcohol with a very efficient still-
head. The distillate is at first turbid, and on standing separates
into two layers, although the original mixture is quite clear; the
temperature remains constant 5-t 64-85^ for a long time, it then
rises slowly, but with increasing rapidity, to the middle tempera-
ture, 66-550, between 64* 85° and 63*250, when the distillate ceases
to be turbid; the tem^perature then rises more and m.ore slowly, and
becomes nearly steady for some time at or a little below 58 '250,
when the binary (A.B.) mixture comes over. Then the temperature
rises again with increasing rapidity, and very rapidly indeed as it
passes the middle temperature, 73-30, between 68-250 and 78-30;
afterwards, the rise becomes slower and slower until the boiling
point of alcohol is reacned.
"It should thus be theoretically possible to carry
over the whole of the water in the first fraction and to remove
the v/hole of the remaining benzene in the second, leaving pure al-
cohol in the last. It will, however, be noticed that the differ-
ence between the boiling points of the ternary (W.A.B.) mixture and
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the binary (A.B.) mixture is only 3 -40, so that the separation is
a difficult one and in practice it "vvas found that even r/hen the
mixture was distilled through an 18 column Young and Thomas
dephlegmator at the rate of 1 drop per second, the alcohol in the
final distillate, though containing the merest trace of henzene,
still retained about 1-4 per cent, of water as compared with 7*4
per cent, in the original alcohol,
"By redistilling the partially dehydrated alcohol once
or twice with a further quantity of benzene, the vjater could, how-
ever, be finally eliminated.
"It is convenient to collect the distillate in four
fractions:
I. From 64-85^ to about 67-5°. This consists mainly
of the ternary (Vf.A.B.) mixture.
II. From 67 '5^ to about 73°. This consists chiefly
of the binary (A.B.) mixture.
III. From about 73° to 78-3°. The distillate should
be collected in III for a little time after the temperature has
becomie constant at 78 -3° to remove the benzene as comipletely as
possible. This fraction is much richer in alcohol than II; it
should be relatively very smiall in amount.
IV. The dehydrated alcohol; it is not essential that
this should be distilled, it may simply be run off from the still.
Fraction I, boiling at 64-850 to about 67-5^.
"This distillate is turbid and separates into tv;o
layers, the smaller (and usually but not necessarily the lower)
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layer consisting of water, a good deal of alcohol, and some benzene,
the larger layer consisting of benzene with a good deal of alcohol
and a little water. On adding more water, shaking, and allowing
to stand, two layers are again formed; the lo7;er one, A, contains
most of the alcohol and v/ater with very little benzene; the up,:sr
one, B, contains nearly all the benzene v;ith very little alcohol
and water. The two layers should now be separated and the ben-
zene washed once or twice with water to remove the alcohol (and
also the water, since alcoholic benzene dissolves more water than
pure benzene) more completely; the water may be added to A.
"The two liquids, A and B, should now be distilled,
preferably with an efficient still-head.
" Distillation of A.— On distillation, this liquid tends
to separate into three fractions: (l) a very small quantity of the
ternary (W.A.B.) mixture boiling at 64-850; (s) the binary (A.Vj.)
mixture boiling at 78 'IS^; (o) water. The whole of the benzene
comes over below 78'150, and this small fraction may be added to
ether quantities of the ternary mixture. The rest of the distil-
lation consists simply in the recovery of strong spirit from dilute
alcohol.
" Distillation of B.— On distillation, B tends to sepa-
rate into three fractions: (l) a minute quantity of the ternary mix-
ture, but this may be absent if the benzene has been very thorough-
ly washed with water; (£) the binary (W.E.) or possibly (A.B.) mix-
ture, also; exceedingly small in amount; (3) pure benzene.
"There is no advantage in keeping the two first fractions
separate, they may be collected together and added to the ternary
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mixture from ether distillations. After the temperature has
reached 80-20, the liquid in the still consists of pure benzene
and there is no necessity to distil it. '
Fraction II, boiling from about 67-ytc about 75^
.
"This distillate is clear and consists chiefly of the
binary (A.B.) mixture, but it contains a little water. Dilute
alcohol and benzene might be obtained from it by addition of v/ater,
but it is more advantageous to add it to the next mixture of strcn-
spirit and benzene that is to be distilled. If equal v/eights of
strong spirit and benzene are again taken and the (A.B.) m.ixture
is added, the alcohol obtained will be drier and the quantity a
little larger. The fractions obtained in this case will be the
same as before, but fraction II ( b.p.S7'5—73^) will be larger.
If at any time the quantity becomes too large to be made use of
in this way, water may be added to a portion and pure benzene and
strong spirit recovered as described under I.
Fraction III, boiling at aoout 73^ to 78- 5^.
"This fraction should be relatively small; it consists
chiefly of alcohol with some benzene and very little water. It is
not worth while to redistil the fraction from a single operation,
but the fractions from a series of distillations should be added
together and stored until the quantity is large enough to be
redistilled.
"On distillation fraction (l) will be absent or very
small; fraction (2) will be fairly large; fraction (3) about the
usual small quantity; fraction (4) large. Thus an additional
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quantity of partially dshydrated alcohol will be obtained.
Fraction IV, coiling at 78 -5^.
"This fraction consists of alcohol containing no more
than a trace of benzene and nearly free froir. water. It is im-
possible to state definitely what percentage of water will remain
in the alcohol; the more efficient the still-head, the slower the
distillation and the larger the amount of benzene originally added,
the drier will the alcohol be.
"In this process, the whole of the dehydrating agent,
benzene, is recovered except the small amount lost by evaporation.
There need also be hardly any loss of alcohol. As there is no
chem.ical reaction, there is no possibility of introducing any im-
purity into the alcohol except,, perhaps, a mdnute trace of benzene.
"A considerable number of distillations vrith an 16
column Young and Thomas dephlegmator Vvere carried out by this
method at the rate of 1 drop per second. The alcdaol employed was
obtained from Kahlbaum; its sp. gr. at 0°/^ was 0*82907, and it
therefore contained 7-4 per cent, of 'v;ater by weight; it was quite'
free from other impurities.
"After the temiperature had reached 78-30, the residual
alcohol was collected in fractions and the sp. gr. of the first
and last were, as a rule, determined. The r 2 suits obtained were
as follows:
"(i) A mixture of 335 grams of 92-6 per cent, alcohol (sp.
gr. 0-82907) and 325 grejfxS of benzene (dried with sodium) was
distilled. After the temperature had reached 78-30, -the following
fractions were collected:
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Percentage of Tatsr
by wei^iio from
Weight Sp. gr. at 0°/4°. Mendeleeff's data.
1 20-9 grams 0-81176 1-85
3 85-6 "
3 35.7 " 0-80976 1-10
Residue . . . 33 - 8 "
165 - "
"It is very probable- that the first fraction i;vas in
this case collected a little too soon, and contained a perceptible
amount of benzene, which would raise its sp. gr.
"(ii) Similar to the first, but the benzene was added in
three portions. The weight of each liquid v;as 300 grams, and that
of the dehydrated alcohol 89-5 grams. The sp. gr. of the first
and last fractions were -31043 and 0-30946, corresponding to 1-40
and 1-03 per cent, of water respectively.
"(iii) A mixture of 254 gjrams of alcohol of sp. gr. 0- 81033
(water 1-37 per cent.) was distilled with 169 grams of benzene.
At 78-30, the results were as follows:
Weight Sp. gr. at 0^/4°. Water per cent.
1 27-8 grams 0-30741 0-38
3 48-3 "
3 56-6 " -80683 0-13
Residue .... 11- 5 "
142-2 "
"(iv) The mixture distilled consisted of 382 grams of 92-6
per cent, alcohol, 283 grams of benzene, and 370 grams of binary
(A.E.) mixture from previous distillations:
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Weight Sp. Gr. at 0^/4°. \7ater per cent.
1 25 • 6 grams
2 33-6 " C-60822 C-6'2
Residue 108-7 "
165-9 "
"(v) To 275 grams of 93 per cent, alcohol and 375 grams of
benzene, 379 grains of a previous distillate collected betv;een
66.50 a,nd 76-30 was added:
Weight Sp. Gr. at 0°/4^. Water per cent,
1 IS • 6 grams ,
3 23-7 " 0-30788 0-50
Residue 121 -3 "
163-6 "
"(vi) The 93-6 per cent, alcohol v/as first redistilled to re-
move a little water. A mixture cf 275 grams 01 redistilled alco-
hol, 375 grams of benzene, and 254 grams of the fraction collected
from the previous distillation oetween 67-350 and 78-30 was
distilled:
Weight Sp, Gr. at 0°/4°. Water per cent.
1 17-3 grams
2 23-0 " 0-80761 0-47
Residue 132 -0 "
171-3 "
"(vii) The mixture distilled consisted of 288 grams of alco-
hol, containing a little more than 0*3 per cent, of water and 192
grams of benzene:
i
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Weight Sp. Gr. at C°/4°. Water per cent.
1 12.4 grams
2 24-2 " 0-80660 about C-1
3 67-1 "
4 53-0 " 0-80638 trace
Residue ... 15 • "
171-7 "
"(viii) A mixture consisting of 99-6 per cent, alcohol,
(A.B.) fractions from previous distillations, and benzene, the
v/hole estimated to contain 37C grams of alcohol and 310 grsjns
of benzene, was distilled:
Weight Sp. Gr. at 0^/4°. Water per cent.
1 20*8 grams
2 22-9 " 0-80673 about C • 11
3 94.4 "
4 24-9 " 0- 80634 dry
Residue 39-0 "
202 - "
"(ix) The whole of the driest alcohol, 371-5 grams, was dis-
tilled with 249 grains of benzene:
Weight Sp. Gr. at 0°/4°.
1 26.4 grams 0.60645
2 102-3 "
3 29-5 " 0-80636
Residue... 25-3 "
183
• 5 "
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"(x) The alcohol from the last distillation, 183-3 grams,
was distilled with 90 grams of benzene:
Weight Sp. Gr. at 0°/4°.
1 34
-S grams 0*80644
3 30-4 "
3 36
-C " 0-80634
Residue 14-0 "
95-0 "
"In the earlier distillations, the sp. gr, of the first
portions of alcohol that came over at 78-30 was distinctly higher
than that of the later portions; \7eaker alcohol v/as, in fact, be-
ing partially separated from stronger alcohol. In later distil-
lations, when the dehydration was more complete, this difference
of sp. gr. was considerably less, and in the last two it was very
small, although still noticeable.
"The sp. gr. of the last and best fraction was nearly
the same in the last four distillations, 0-80638, 0-80634, 0-80636,
0*80634; mean, 0-80635.
"The only effect of the eighth distillation was to re-
duce the difference between the sp. gr. of the first and last frac-
tions of alcohol, and the redistillation of this alcohol with more
benzene produced no further change. It seemed probable, therefore,
that the whole of the water was removed, and that the slight dif-
ference in sp. gr. between the first and last fractions might be
due to a very small amount of residual benzene, which, like water,
would raise the sp. gr.
"As already stated, n-hexane forms m.ixtures of con-
i
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stant boiling point with alcohol and with alcohol and water, and
may be used for dehydrating alcohol. It possesses the advantage
that the hexane-alcohol mixture can be separated very readily by
distillation from the dehydrated alcohol. Again, when hexa.ne
and benzene are distilled together, the hexs-ne will carry down
more than 10 per cent, of benzene without any rise of temperature,
a mixture of minirnxum boiling point - a few hundredths of a- degree
below that of hexane - containing about 5 per cent, of benzene,
being probably formed.
"It seemed possible, then, that if alcohol dehydrated
with benzene were distilled with hexane, any minute residual
quantity of benzene would be carried down in the hexane-alcohol
fraction, and that the hexane itself could be completely eliminated
If, however, any hexane remained, the first fraction should have a
lower sp. gr. than the last, since hexane is much lighter than
alcohol.
"A fresh quantity of alcohol was dehydrated with ben-
zene, and 127-7 grams of this alcohol (sp. gr. 0-80638 at 0^/40
)
were distilled with 128*4 grams of n-hexane freshly distilled
over phosphoric oxide. The temperature remained quite constant
at 58-650 for a long timie, and when it changed, the rise to 78-3°
was exceedingly' rapid. The alcohol was, as usual, collected in
fractions, with the following results: •
Weight Sp. gr. at 0^/4°.
1 22-3 grams 0-80623r
2 13-7 "
3 30-0 " 0-80627
Residue S-8 "
74.8 "
1
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"The difference tetv/een the two sp. gr. wa.s now
practically within the limits of experimental error, although
the tendency seemed to be still in the same direction. The value
0-80627 may, I think, be taken as very close indeed to the true
sp. gr. of ethyl alcohol at 0*^/4°. It agrees very well indeed
with the sp. gr. observed by ^lendeleeff, C* 806254, and the very
low values observed by Squibb appear to be due to seme chemical
action of the lime on the alcohol, probably to the presence of a
little ether."
{i
>
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EXPERIMENTAL
The first distillations studied were those of mix-
tures of ethyl alcohol and benzene in varying proportions. The
alcohol varied from 91.11 $ to 95.14 $ by weight puis alcohol, and
the benzene was of such purity that 500 cc of it distilled be-
tween the temperature 80-82° C.
For each distillation, a careful record of time temper-
ature, and volume of the distillate was kept in order that the be- i
i
havior of each mixture might be easily noted. Also for each dis-
tillation three curves were plotted, namely, time-temperature,
time-volume, and temperature-volume curves. The composition of
alcoholic distillates was determined by means of a pyknometer.
The still-head used, consisted of a glass tube (Fig.
1) , of 17 mm. inside dian-eter and 20 mm, outside diameter, having
a length of 90 cm. from the distilling flask to the delivery tube.
In the sides of this tube were many indentations made by heating
the tube with the pointed flame of a blast lamp and pushing in-
ward the molten glass with a wire about the size of a knitting
needle. The indentations reached only so far as to admit the
free passage of a thermometer up and down the center of the tube,
their purpose being only to increase the cooling surface exposed
to the vapors of the distillate.
Of the series of distillations of the alcohol-water-
benzene mixtures, the following two records are typical.
MIXTURE V.
Mixture V consisted of 200.00 g. SI. 11 fo ethyl alcohol
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and 300.00 g. benzene. 500 cc of the mixture was distilled.
Room Temperature = 29° C.
Barometric Pressure = 750.0 mm. at 26. 5° C.
Temperature Time Volume Difference in
of Distilling Vo lume
64.4 8-50-0
64 .
5
53 7 CO 7 cc
64.5 54 15 cc rt ^8 cc
64 .6 56 25 T rt10
64 .6 58 34 9
64 .6 9- 0-0 A rt43 9
64. 7 3 52 rt9
64.8 4 63 ^ rt10
64.8 6 73 11
,
64. S 8 83 9
64.9 10 91 9
64.9 13 10 10
64.95 14 19 9
64.95 16 29 10
65.0 18 38 9
65,0 30 47 138 CC 9
65.1 33 9 9
65.3 34 T rt18 9
65.25 26 27 9
65.3 38 36 9
65,4 30 45 183 cc 9
65.4 33 9 A9
65.4 34 13 9
65.4 36 rtn27 9
65.4 38 3d Qo
65.6 40 (39) 43 2<^b CC oo
65.6 42 oO Qo
65.6 44 17 9
65.7 46 rt K>26 Q9
65.7 9-48-0 34 oO
65.8 50 42.5 Sbo.D CC O . D
65.85 53 8 . o .
65.9 54 lb r . o
66.0 56 rt >i o34 . y O QO . 9
66.1 58 34
DO . a 10- 0-0 43 »3il.o cc Q
66.3 3 7
•7
r
66.3 4 16 Q9
66.3 6 33 . o 7 R
66.3 8 32 O . O
66.5 10 •7 O O39 . o f . O
66.6 13 4 ( ODo . rt rt 7 P
66.7 14 7 7
66.7 16 14 7

Temperature of
Distilling Time
Difference
Volume in Volume
34
66.
8
18 21 Ml7
67,0 20 28 7
67 .4 32 34 6
67 .7 34 40 6
67. S 36 46 404. 5cc 6
68.2 28 6 6
68.
6
30 10 A4
69.1 32 14 4
69 .8 34 18 A4
70.8 36 21 3
71.6 38 24 3
72 .6 40 27 3
73 .4 42 30 3
74.4 44 33 .5 2.5
75.2 10-46-0 n A34 1.5
76.1 48 36 2
76.4 10-50-0 37 1
76.4 52 38.5 1.5
76.3 54 39.5 1
76.6 56 40 .5
76.8 58 41 1.0
77.0 11- 0-0 41.5 .5
77.4 2 42 . .5
77.6 4 43.6 448 .Icc 1.6
77.7 6 3.5 3.5
77.7 8 7 3.5
77.7 10 9.5 2.5
77.7 12 12 2.5
77.7 14 15 463 . loc 3.0
77.7 16 3 3
77.7 18 5 3
77.7 30 6.5 1.5
77.7 22 8.5 2.0
77 .7 24 11 2.5
77.7 26 13 3
77.7 28 15 3
77,8 30 17 3
77.7 32 19 3
77.7 34 20 1
77.7 36 21.5 1.5
77.7 38 22.5 1 (98.35fo Alconol oy Vol.
77.7 40 23.5 1 (97.36fo
77.7 42 24 487. loc .5 Sp.Gr. == .79740 1^
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MIXTURE VI
Mixture VI consisted of 300.00 g. ethyl alcohol
(95.14 ^ by weight) and 200.00 g. benzene. 400 cc of the mix-
ture was distilled.
Room Temperature = 31° C.
Barometric Pressure at 22.2° = 743.6 mm.
Temperature of Difference
Distilling Time Volume in Volme
9-9-0
65.0 11 9cc 9cc
65.1 13 19 10
65.2 15 29 10
65.3 17 39 10
65.4 19 48 9
65.4 21 9 9
65.4 23 18 9
65.5 25 27 9
65.6 27 36 9
65.6 29 45 93cc 9
65.7 31 9 9
65.7 33 17 8
65.8 35 25 8
65.8 37 34 8
65.9 39 43 135CC a
65.9 41 8 8
66.0 43 16 8
66.0 45 24 8
66.3 47 32 8
66.3 49 41 9
66.4 51 49 184CC 8
65.4 53 7.5 7.5
66.5 55 15 7.5
66.6 57 22.5 7.5
66.7 59 30 7.5
66.8 10-1-0 37.5 7.5
67.0 3 44 228cc 6.5
67.2 5 7 7
67.3 10-7-0 12 5
67.4 9 18.5 6.5
67.7 11 25 6.5
68.0 13 30 5
68.2 15 36 6
68.6 17 41 5
69.0 19 45.5 273, 5cc 4.5
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Temperature of Difference
Distilling Time Volume in Volume
68.5 21 5 5
69. S 23 8 3
70.0 25 11 3
70.5 27 14.5 3.5
69.4 29 17.5 3
70.6 31 20 2.5
70.4 33 33 3
73.1 35 33.5 1.5
7S.3 37 35 1.5
73.1 39 36,5 300CO 1.5
74.1 41 3 3
74.3 43 3.5 1.5
74.4 45 5 1.5
74.6 47 6 1
73.0 49 7 1
71,4 51 7
71.8 53 7
71.1 55 7
70.3 57 7.5 .5
70.8 59 7.7 .2
71.3 11-1-0 7.7
70.6 3 8.0 .3
66 11-5-0 8
74.3 7 8
76.6 9 8.3 .3
76.8 11 10 1.7
76.9 13 13 2.0
77
.
15 14 3.0
77. 17 15.5 1.5
77.1 19 17 1.5
77.1 21 18.5 1.5
77.1 23 19.5 1.0
77.3 25 31 1.5
77.3 27 33.5 1.5
77.3 29 34 1.5
77.3 31 35 1.0
77.3 33 36 1.0
77.3 40 37 3370C 1.0
Temperature of Flame Increased
77.3 10-6-0 5 5
77.3 8 9.5 4.5
77.3 10 13.5 4.
77.3 12 18.5 5.
77.3 14 33 3.5
77.3 16 36 4
77.3 18 30 357CC 4
77.3 30 4 4
77.3 22 7 3
Sp.Gr. = .8105
Sp.Gr. = .8014

Temperature of
Distillitig Time Volume Difference in Volume
77.3 24 9.5 2.5
77.3 26 12.5 3
77.3 28 14.5 2
77.3 10-30-0 17 2.5
77.3 32 19.5 2.5
77.3 34 32 2.5
77.3 36 23.5 1,5
77.3 38 25 1.5
77.3 40 27 2.0
77.3 42 36.5 1.5
77.3 44 30 387cc 1.5
I
15.6
98.03f^ Alcohol by lilft.
98.80> " " Vol.
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THE STUDY OF DIFFERENT TYPES OF STILL-HEADS
From the study of the distillatioiB of alcohol-benzsne-
water mixtures of varying percentage composition, it is evident
that the fractionation of the alcohol-benzene binary from the ab-
solute alcohol requires especial consideration. It is upon the
effective removal of all benzene from the alcohol that the im-
portance of this investigation rests. For this purpose a study
of the efficiency of various forms of fractionating apparatus was
taken up
.
Ethyl alcohol (91.11 ^ by weight) was carefully frac-
tionated by means of the still-heeuis described as follows:
Still-head No. 1, Fig. 1, has been discussed on page
Still-head No. 3, Fig. 3, consisted of two plain glass
tubes joined together with heavy rubber tubing and arranged in the
form of an inverted letter "V" during distillations, one tube func-
tioning as a fractionating column while the other served as a con-
denser. Each of these tubes contained an inner tube through
which a counter current of cold water circulated. These inner
tubes were joined at one end by means of rubber tubing and the
free ends were bent upward and each was inserted through a two-
holed large rubber stopper so that the water in circulating could
not enter either the distilling flask or the receiving vessel.
The length of the still-head proper was 93 cm. and the inside
diameter of the outer tube 15 mm. , while that of the inner tube
was 5 mm.
The cold water entered the lower part of the condenser,
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but as it passed onward it was gradually heated by absorbing heat
due to the condensation of the alcoholic vapors, and on leaving
the still-head the water had reached the same temperature as the
alconolic vapors.
Still-head No. 3, Fig. 3, was constructed from a glass
tube of 90 cm. in length and 14 mm. internal diameter. This
column was similar to still-head No. 1, except that the indenta-
tions in the side of the tube were at right angles to one another
and extended to the center of the colmn. These projections or
indentations were about four hundred in number and afforded a very
large cooling surface and hence a very efficient fractionating
column.
Still-head No. 4, Fig. 4, consisted of a glass tube of
32 mm. internal diameter and 120 cm. length between bottom and
delivery tube. Inside this tube 20 single copper gauze discs
were suspended horizontally between sections of glass tubing 5j
cm. long and 2am. wide.
The discs were made from copper gauze having 40 wires
per inch and were convex upv/ard in order that the condensate would
flow down between the sections of glass tubing and the glass wall
of the outer tube, leaving only a thin film of liquid on the gauze
held by surface tension. This still-head was of the dephlegma-
tor type and allowed the condensate to return promptly to the dis-
tilling flask, leaving only a minimum quantity of liquid in the
column throughout a distillation.
Still-head No. 5 was the same as No. 4 except that
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double gauzes were used in the place of single ones.
Still-head No. 6 was the same as No. 4 except that 38
single gauzes were used and the distance between them was only
one-half as great
.
Still-head No. 7 was the same as No. 6 with the excep-
tion that the gauzes were concave upward.
Still-head No. 8, Fig. 5, consisted of a glass tube 52
cm. long and 34 mm. in diameter, through which a coil of copper
tubing of one-eighth inch diameter extended. The copper coil had
thirty turns and between each two turns a copper gauze disc was
placed at right angles to the axis of the still-head. These
discs afforded a means of washing the vapors by collecting and
supporting thin films of liquid. Through the copper tube a
rapid counter current of cold water was circulated in order that
condensation of the vapors might be increased.
Still-head No. 9, Fig. 6, consisted of a plain glass
tube 175 cm. long and 22 mm. inside dieumeter, containing a copper
tube of l/B inch in diameter. Holes were punched in centers of
29 copper gauze discs of the same diameter as the glass tube and
these were then slipped over the copper tube and separated from
one another by a distance of 5 cm. The copper tube and its
discs were then inserted into the glass tube. The lower end of
the copper tube was bent upward and passed out of the flask
through a two hole rubber stopper, while the other end passed
through an ordinary water-cooled condenser. Water was circulated
through the copper tube in a direction counter to that of the
I
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vapors from the still.
Still-head No. 10 was the same as No. 9, only wrapped
with cotton batting which caused less condensation to take place
on the outer glass tube and which permitted an increased water
flow to be used in the copper tube.
Still-head No. 11 consisted of an outer glass tube of
130 cm. length and 22 mm. internal diameter, fitted inside with a
glass tube of 5 mm. diameter which carried a counter current of
water. The space between these tubes was filled to a height of
60 cm. with glass beads through which the vapors were compelled to
pass.
Still-head No. 12 was the same as No. 11, except that
the column of beads was increased to a height of 86 cm.
Still-head No. 13 consisted of a large glass tube 154
cm. long and 36 mm. in diameter, inside of which was a dia.phragTn
composed of a copper tube to which 70 tin discs were soldered.
The discs were made of very thin tin and were 34 mm. in diameter.
They were centered and a hole was punched of such size that the
copper tube barely passed through the opening. Each disc was
soldered to the copper tube at right angles and separated from
the disc above and below it by a distance of 2 cm. Each disc
had a strip cut off the side, leaving an aperture one-eighth inch
in width through which the vapors could ascend. The discs were
so cut that those alternating had the apertures on the same side
j
and those adjs.cent had the openings on the opposite side. In
this way the vapors travelled over a "zig-zag" route before reach-
ing the top of the still-head. The copper tube carried a counter
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current of water and passed through the inner tube of an ordinary
condenser before entering the still-head. The top of the still-
head was closed by a large rubber stopper with holes for delivery
tube, thermometer, and copper tube. The bottom of the still-head
was closed by another large rubber stopper with holes for the cop-
per tube and a glass tube which served as a connection between
still and still-head. This tube was 20 cm. long and had an in-
ternal diameter of 15 mm. The distilling flask consisted of an
ether can of two liters capacity to which a neck two inches long
and an inch opening was soldered. The top and sides of this can
were wrapped with sheet asbestos to prevent excessive loss of heat
by radiation.
Still-head No. 14 was similar to No. 6, excepting that
37 copper gauze discs were used convex upward and upon which was
placed a layer of glass wool.
Still-head No. 15 consisted of a brass tube 184 cm. long
and 25 mm. internal diameter, inside of which was a glass tube 170
cm. long and 20 mm. in diameter with both ends sealed. The glass
tube was kept in the center of the large brass tube by means of
wooden wedges at both ends. The object of the glass tube was to
cause the ascending vapors to pass close to the brass tube. Sur-
rounding the still-head was a water jacket through which a counter
current of water circulated.
Still-head No. 16 consisted of a glass tube of 162 cm.
length and 15 mm. internal disuneter with indentations at right
angles, similar to No. 3 in construction.

i/WW
Still-head No. 9
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Still-head No. 17
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ALCOHOL-WATER DISTILLATIONS WITH THE AEOVE STILL-HEADS
Distillations of 500 oc of 91.11 ^ ethyl alcohol were
carried out with each still-head at atmospheric pressure. The
specific gravity of the first 50 cc fraction of the distillate
was taken as an index of the efficiency of each still-head. The
alcohol was made to distil at the rate of one drop per second
and the specific gravity was determined by means of a pyknometer.
The results are as follows:
TABLE I
Still-head Fraction Specific Gravity fo Alcohol by Wt.
1 1st 50cc .8147 92.92
3 n .8160 92 .44
3 It .8142 93.11
4 n .8120 93.92
5 n .8120 93.92
6 n .8106 94.31
7 n .8120 93.92
8 n .8139 93.32
9 n .8118 94.00
10 n .8148 92.89
11 n .8146 92.96
13 n .8120 93.92
13 n .8116 94.07
14 ft .8100 94.62
15 n .8119 93.96
16 n .8113 94.21
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Distillation of 1000 CC 91.11 $ Alcohol with Column #13.
Fraction Water Flow Sp.Gr. 30O io Alcohol
1st lOOcc 21cc per Min. .8050 94.57
2nd " ft II 11 .8058 94.42
3rd " It It n .8073 93.93
4th " II II II .8072 93.92
5th " n n ti .8083 93.55
6th " It Tt 11 .8084 93.48
7th " 148" II n .8082 93.59
8th " 31" ti It .8101 92.91
Residue ISOco ,8570
105
74.42
Distillation of 1000 CC 91.11 $ Alcohol with Coliimn #13
wrapped outside with cotton batting. Distillate collected in
100 cc fractions.
Fraction Water Flow Sp.Gr. 3|° $ Alcohol
Ist lOOcc 132CC per Min. .8068 94.06
2nd " It n n .8074 93.86
3rd " It II II .8080 93.70
4th " II II It .8083 93.55
5th " 11 It It .8089 93.34
6th " It 11 II .8093 93.20
7th " n II n .8097 93.05
8th " It It It .8100 92.93
Residue 161cc tt II n .8546 75.38
Air Condenser cooled by inside copper tubs
counter current of water. Rate of Distillation very
Best 1st lOOcc fraction after a number of trials;
Sp. Gr. = .8076 = 93.77f.
cs.rrying
irregular.
Alcohol.
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Distillation of 1000 cc Alcohol (93.82^) with Column
#15 wrapped with cotton batting. Rapid counter current of wate
Fraction Water Flow Sp, Gr. Alcohol by
1st lOOcc 121cc per Min. .8045 94.94
2nd ff n It It .8046 94.86
3rd n n tt n .8049 94.79
4th n n ti n .8050 94.72
5th n ft n It .8052 94.65
6th n ft n 11 .8056 94.53
7th n n ti n .8057 94.50
8th M It n ti .8062 94.28
Residue of 178CC .8201 90.96
107
Distillation of 1000 cc (91.11/0 Alcohol with Column
#13 wrapped with cotton batting. No comter current of water.
Fraction Water Flow Sp. Gr. 1o Alcohol by Wt.
1st lOOcc .8086 93.41
2nd lOOcc .8095 93.12
3rd " .8096 93.05
4th " .8108 92.63
5th " .8113 92.45
6th "
'
.8119 92.23 .
7th " .8128 91.93
8th " .8141 91.43
181 cc Residue .8355 83.18
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Fractionation of 500cc 91.1lfo Alcohol with still-head No. 16
Temperature = 77. 2° C. Barometer = 738.6 mm. at 26.0°
Fraction Sp. Gr. fo Alcohol
let 50 cc .8067 94.12
Snd n .8072 93.95
OxCL n .8082 93.58
4th n .8089 93.33
5th n .8091 93.27
6th ti .8095 93.12
7th fi .8111 92.51
Sth It .8128 91.92
115
Distillation of 50CCC Alcohol (91.1lf^) with Column #16 sur
rounded by a §glass jacket cooled by a counter current of air.
Temperature = 77.3° C. Barometer = 742.5 at 25.70 c.
Fraction Sp. Gr. Alcohol by Wt
1st 50 cc .8068 94.10
Snd n .8072 93.95
3rd n .8083 93.55
4th ft .8086 93.45
Sth n .8086 93.45
6th tt .8091 93.27
7th ft .8107 92.68
Sth n .8119 92.24
Sth w .8127 91.95

59
It was later desired to try a different type of
still-head and one which would more nearly conform to com-
mercial requirements. Still-heed No. 17 was constructed with
this end in view.
Two pieces of tin each five feet in length were
rolled so as to form semicircular troughs. To the sides of
each trough and at right angles to the axes were soldered tin
discs at intervals of one inch throughout the entire length.
The discs totaled one hundred twenty in number and had a di-
ameter of one and one-half inches. Each disc had a one-
eighth inch strip cut from its free edge and this edge v/as
bent slightly downward in order that the tube, when completed
would drain thoroughly. The discs were so arranged that when
the two half tubes were soldered together, a tube was formed
in which the free edge of each disc alternated with the free
edges of the adjacent discs and the space between any two of
these was only half an inch. Tin delivery tubes of three-
quarters inch and one inch diameters each were soldered to the
top and bottom of the tube respectively.
The purpose of these discs was that they should act
as baffle plates to the ascending vapors and should thereby
bring about intimate contact between vapors and condensate.
Finally the tube was fitted with a cooling jacket
constructed from a large mouthed four litre glass bottle the
bottom of which v/as cut off. The bottle was fitted with a
large rubber stopper in which a hole v/as bored just large
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enough to slip over the tin tube. The bottle was then inverted
and made to enclose the upper part of the tube and, when filled
with cold water, functioned as a water jacket to the tube.
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133
Distillation of 1000 cc of 91.11
head #17 at atmospheric pressure. Top of
water jacket 6 inches high.
Fraction Temperature
$ Alcohol with still-
column cooled by
Sp.Gr. ^ Alcohol
top bottom
1st 50 cc 77.40 77.60 .8041 95.05
3nd 50 cc 77.4° 77.60 .8043 95.01
3rd 50 cc 77.4° 77.6® .8050 94.70
4th 50 cc 77.40 77.60 .8059 94.43
3rd lOOcc 77. 40 77. 6° .8063 94.37
4th lOOcc 77.40 77.60 .8066 94.16
5th lOOco 77.40 77.60 .8070 94.06
6th lOOcc 77.40 77.60 .8075 93.84
7th lOOcc 77.40 77.60 .8081 93.63
8th lOOcc 77.40 78.30 .8088 93.37
9th 80 cc 77.40 80.10 .8108 93.65
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Distillation of 500 cc of 94.86 $ ethyl alcohol with
still-head #17 under diminished pressure. The top of the column
was cooled by ice water. Distillation conducted approximately
at rate of one drop per second.
Fraction Amt
.
Cooled Pressure Sp.Gr. $ Alcohol
1st 50 cc 6 inches 70 mm .7997 96.60 1o
1st 50 cc 6 It 130 mm .8011 96.08
1st 50 CO 30 n 120 mm .8001 96.44
1st 50 cc 30 R 160 mm .8007 96.24 $
2nd 50 cc 30 It 160 mm .8027 95.54 'jo
126
Distillation of 500 cc of 95.98 ethyl alcohol with
still-head #17 under diminished pressure at approximately the
rate of one drop per second. The top of the column was cooled
by a six inch bath of ice water.
Fraction Pressure Sp. Gr. $ Alcohol
1st 50 cc 50 mm .7981 97.12
1st 50 cc 120 mm .7988 96.90 $
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DISCUSSION
For each distillation of various percentage composition
mixtures of the alcohol-water-benzene system, three curves were
plotted, namely, time-temperature, time volume, and temperature-
volume. In all cases studied the corresponding curves were
very similar. In the tempert-ture-volume curve, the portion
lying between the temperatures and 78° was very steep indi-
cating, apparently, that the alcohol-benzene binary was easily
distilled from the residue of absolute alcohol; but when the
specific gravity of the alcohol residue was determined, it was
found that the alcohol still retained a considerable amount of
benzene. It required prolonged fractionation to secure an
alcohol, the specific gravity of which would indicate a maximum
percentage of ninety-eigiht by weight.
Because of the difficulty in removing the last traces
of benzene from the alcohol, it was decided to investigate the
efficiency of various types of still-heads.
The most efficient still-heads used were those of
numbers 6, 13, and 17. The glass tubes with the indentations
allowed the vapors to pass up and down the columns with too
great a degree of freedom to effect a good separation. With
still-head No. 15, the counter cooling current could not be regu-
lated with sufficient accuracy to cause a good fractionation.
Still-head No. 6 showed that in the distillation of a
given amount of a mixture with a dephlegmator type of fractionat-
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ing column, the presence of thick layers of condensate upon the
copper gauze discs v/as not essential to a good fractionation,
but on the contrary, a thin film of liquid gave much better sepa-
rations. From this it was concluded that the prime function
of the discs of a dephlegmator is to bring about an intimate con-
tact between the vapors and condensate for each compartment of
the column and that thorough washing of the vapors by a large
amount of liquid is unnecessary.
Distillations 105 and 107 with still-head JIo. 13 show
that the use of a counter cooling current of water slightly im-
proves the separation of a liquid mixture into its components,
the boiling points of which lie very close together. The dif-
ference between the boiling points of 91 $ and 86 $ ethyl alco-
hol is only one-tenth of one degree centigrside as determined by
Noyes and V/arfel.^^^^ Hirsch, ^•''''^ however, made the statement,
"Differential condensers can not be used economically for con-
centrating above 75 $ alcohol, but below that concentration, the
differential condenser can be used profitably. For higher al-
coholic solutions the differential condenser used in connection
with a plate rectifying column below it and another above it, if
necessary, will materially increase the thermal efficiency and
capacity of commercial types of rectifying apparatus and v/ill al-
so decrease the initial cost of the same by decreasing the length
of the plate towers used".
Still-head No. 17 was the most efficient of any used
and shows the marked importance of a cooling bath surrounding
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the upper part of the column. The great efficiency of this
type of still-head is due, (l) to the unusual intimacy of con-
tact between vapors and condensate, (2) to the cooling bath at
the top of the column, and (3) to the slow passage of the con-
densate back to the distilling flask. Carveth ^^2) claims that
for the complete removal of the most volatile component in a
short space of time, it is better to have the liquid which is
condensed fall slowly, thereby increasing the time of contact
between condensate and the ascending current of vapors.
Wade, (45) from his study of the effect of distilling
95.5 ^ alcohol under reduced pressures, has concluded that, "It
should be possible to obtain anhydrous alcohol from ordinary
spirit by systematic fractionation under low pressure; and even
if this is not literally practicable, a very marked reduction in
the amount of water may be confidently anticipated. With
modern large rectifying apparatus there should be no difficulty
in reducing the percentage of water in alcohol to a fraction of
one per cent by one or two rectifications under fifty milli-
m.eters pressure". Distillations of 91.11 ^ alcohol were car-
ried out with still-heads Nos. 13, 15 and 13, under pressures
varying from 150 mm. to 35 mm. These still-heads failed to
show any improvement in distillation under reduced pressure.
One litre of alcohol of the same strength was next distilled
with still-head No. 17 under a pressure of about 138 mm.
Specific gravity of the first 50 cc fraction indicated its
composition to be 95.68 io alcohol, while distillations at at-
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mosplieric pressure indicated 95.01 ^. In both cases the
distillation was carried out at the rate one drop of distil-
late per second. During the distillation under reduced pres-
sure the top of the still-head was surrounded by a six inch
bath of ice.
F. D. Brown and M. A. Rosanoff have each devoted con-
siderable study to the constant temperature still-head.
Brown^^^ made the general statement: "In distillations
with a still-head maintained at a constant temperature, the com-
position of the distillate is constant, and is identical with
that of the vapor evolved by a mixture whose boiling point equals
the temperature of the still-head". Rosanoff ^'^'^^ has verified
Brown's statement, but adds the restriction, "If the mixture is
binary, the composition of the distillate is, in the case of a
single distillation, constant. In those cases in which the
binary boiling-point curve passes through a maximum or minimum,
the composition of the distillate depends on that of the mix-
ture originally placed in the still. If the number of sub-
stances in the mixture is three or more, the composition of the
distillate not only depends on that of the original mixture, but
varies in the course of a single distillation. This variation,
however, is moderate, and the nearer the constant temperature of
the still-head is to the boiling-point of the most volatile com-
ponent, the more nearly constant is the composition of the
distillate"
.
A still-head cooled by a counter current system in
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which the cooling liquid enters the top of the still-hsad at
the same temperature as that of the escaping vapors at that
point, and leaving the bottom of the still-head at the same
temperature as that of the entering vapors, should be equivalent
to a still-head of the same dimensions consisting of an infinite
number of infinitely small constant temperature still-heads be-
tween the same temperature limits and should be theoretically
more efficient than one consisting of a finite number of constant
temperature still-heads.
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SUMMARY
The following conclusions have been dravm from
this study of fractional distillation:
1, In order to secure a complete fractionation of
two or n;ore liquids, there must be an intimate contact be-
tween vapors and condensate.
3. The extent to which a mixture m&y be fractionated
into its components is proportional to the amount of conden-
sation which takes place in the still-head.
3. In the dephlegmator type of still-head, it is not
necessary that there should be a thick layer of condensate on
each plate, but instead, a small eunount of condensate is just
as efficient provided that no violent ebullition takes place
within the still.
4. Counter cooling currents are of little effect
where the boiling points of the components of a mixture lie
close together.
5. Vacuum distillation of 95 ^ alcohol requires a
very efficient still-head and considerable condensation in
order to secure a separation much better than 96 fo alcohol.
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